
Europaisches Patentamt 

European Patent Office (H) Publication number: 0 009 868 

Office europeen des brevets A1 



© EUROPEAN PATENT APPLICATION 

@ Application number: 79301607.2 (g) Int. CI. 3 : G 21 C 19/38 

B 65 G 53/30 

(22) Date of filing; 07.08.79 



@ Priority: 09.08.78 GB 3274678 



(43) Date of publication of application: 
16.04.80 Bulletin 80/8 

(g) Designated Contracting States: 
BE DE FR IT 



(71) Applicant: United Kingdom Atomic Energy Authority 
Patents Branch 11 Charles II Street 

London SW1Y 4QP(GB) 

(72) Inventor: Hodgson, Thomas David 
9 Lodden Close 

Abingdon, Oxfordshire(GB) 



72) inventor: Jordan, Tony William James 
22 Wordsworth Road 
Abingdon,Oxfordshire(GB) 

@ Representative: Alderman, John Edward 

Patents Branch United Kingdom Atomic Energy 
Authority 11. Charles II Street 
London SW1Y 4QP(GB) 



00 

(0 

00 
O) 

o 
o 

o 



-(g) Improvements in or relating to a method and to an apparatus for transporting items and plant therefor. 

(s?) A method and an apparatus for transporting items such 
as chopped nuclear fuel pins from a receiving station to a 
discharge station. The apparatus contains a liquid (25) for 
transporting the items in an inlet duct (12, 35, 56, 71 ) which 
extends downwardly from the receiving station to a region 
(1 1 , 37, 58, 75) where it is joined to an outlet duct (13, 36, 57, 
77) which extends upwardly to the discharge station. 

The region (11, 37, 58, 75) is connected to a source (27) 
capable of applying a pressure pulse to the liquid (25) so as 
to displace the liquid (25) upwardly in at least the outlet duct 
(13, 36, 57, 77) and thereby transport the items through the 
apparatus. 

At least two apparatus may be connected together in 
series relationship to provide a plant for the transport of the 
items through the plant. 
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Improvements in or relating to a method and to an apparatus 
for transporting items 

This invention relates to a method and to an apparatus 
for transporting discrete items from one station to another 
in a continuous or batch process. 

In particular, the method and the apparatus of the 
present invention are useful for transporting chopped 
pieces of nuclear fuel pins through an acid solvent, such 
as boiling nitric acid, in which nuclear fuel material and 
fission products are leached-out of the chopped fuel pins. 

In many processes there is a need for a method and an 
apparatus for transporting items remotely with the minimum 
of moving parts. 

An object of the present invention is thus to provide 
a method and an apparatus for transporting items remotely 
in which the number of moving mechanical parts are kept as 
low as possible. 

According to one aspect of the present invention, there 
is provided an apparatus for transporting from a receiving 
station to a discharge station items capable of being 
transported in a liquid, the apparatus comprising an . 
inlet duct for receiving the* items to be transported and 
downwardly extending from the receiving station, an 
outlet duct connected to the inlet duct at a region below 
the level of the receiving station and upwardly extending 
to the discharge station, the inlet duct and the outlet 
duct being adapted to contain a transporting liquid, 
displacing means for displacing the transporting liquid 
upwardly in at least the outlet duct, and a discharge 
opening at the discharge station, through which discharge 
opening the items transported by the liquid displaced in 
the outlet duct can pass. 
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According to another, aspect, the invention provides 
a method. of transporting from a receiving station to a 
discharge station items capable of being transported in 
a liquid, the method comprising containing the liquid 
in a duct having two upwardly extending portions thereof, 
feeding the items from a receiving station into the liquid 
in one of the duct portions, displacing the liquid 
upwardly in at least the other duct portion, and discharging 

the items from the other duct portion through a discharge 

opening at the discharge station. 

The receiving station may be above or below the 
level of the discharge opening, and the rate of feed of 
the items may inhibit upward displacement of the items 
towards the receiving station. 

Overflow means may be provided for limiting the level 
of the transporting liquid to a level below the level of 
the discharge opening. 

Preferably, at the region a permeable barrier means 
is provided for fine particulate material to pass therethrough 
Desirably, a sump duct downwardly extends from the barrier 
means, and means are provided for heating or cooling the 
liquid in the sump duct. At least two said apparatus 
may be connected together in series relationship for the 
transport of the items therethrough. 

The transporting liquid may be a process liquor for 
the treatment of the items passing through the apparatus 
from the receiving station to the discharge station. For 
example, if the items are chopped nuclear fuel pins the 
process liquor may be an acid for dissolving out the nuclear 
fuel materials and fission products from the hulls (chopped 
pieces of fuel cans). In those instances where -the product 
of the treatment process collects in the process liquor, 
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for example, as a desired useful intermediate of final 
material, or a contaminant to be removed from the items 
to be treated, means may be provided to collect the 
product. 

Preferably, some fresh process liquor is caused to 
flow in the opposite direction to the direction of 
movement of the items from the receiving station to the 
discharge station, the remaining fresh process liquor 
flowing in said direction of movement. 

The invention will now be further described, by way 
of example only with reference to the accompanying 
drawing which shows a multi- stago acid dissolving plant 
for use in reprocessing spent nuclear fuel* 

Referring now to the drawing, the plant shown 
comprises three Stages 1, 2 and 3 respectively, and an 
entx-y Stage 4. The entry Stage 4 comprises a ' V 1 -shaped 
duct 10 having a curved base duct 11, an inlet duct 12, 
and an outlet duct 13. The inlet duct 12 is connected to 
a dismantling installation (not shown) in which irradiated 
nuclear fuel pins are dismantled and chopped into short 
lengths. A side duct 17 is joined to a fluid permeable 
barrier 19 at one side of the base duct 11, and has an 
outlet 21 connected to an ejector 14, and an inlet 22 
connected to a compressed air bottle 27 having a control 
valve 26. A water jacket 23 is fitted around the inlet 
duct 12 which has an inlet 24 for cold dilute nitric acid 
25. The outlet duct 13 extends to a vent duct 28 which is 
connected to a reflux condenser (not shown) and a 
chemical scrubber (not shown), and at an intermediate 
region 29 has a discharge opening 31 into Stage 1 of 
the plant but at a lower level than the uppermost end of 
the inlet duct 12. Stage 1 comprises a V-shaped duct 
33 containing nitric acid 25 and having an inlet duct 35, 
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an outlet duct 36, 'and a curved base duct 37 in a lower 
position than that of the base duct 11. A sump duct 
assembly 40 depends from a fluid permeable barrier 19 at the 
underside of the base duct 37, and has a short portion 41 
5 extending normal to the base duct 37 and an inclined portion 
42 having a jacket 45 for a heating or a cooling fluid there- 
around. & n upright portion 46 of the sump duct 40 has a 
transfer duct 47 connected to the inlet duct 35 near the 
discharge opening 31, and at its upper end has a port 49 
10 connected to a compressed air bottle 27 having a control 
valve 26, and an ejector 50 which extends down to the 
bottom of the upright portion 46. 

The outlet duct 36 has a discharge opening 52 below 
the level of the discharge opening 31 and is arranged to 

15 spill into Stage 2 which is provided by a 1 V -shaped 
duct 55 containing nitric acid 25 and having an inlet 
duct 56, an outlet duct 57, and a curved base duct 58 in 
a lower position than that of the base duct 37- A sump 
duct assembly 40 identical to the sump duct assembly 40 

20 of Stage 1 depends from a fluid permeable barrier 19 at the 
underside of the base duct 58, and a product liquor overflow 
duct 59 having a chamber 60 therein and an overflow 61 
below the level of a discharge opening 72 into Stage 3 
extends from the sump duct 40 to a vent duct 65 which 

25 extends, upwardly from Stage 3 to the' vent duct 28. A 

vent 67 extends from the inlet duct 56 to the inlet duct 
13 above the discharge opening 31. 

Stage 3 comprises a , V f -shaped duct 70 containing 
nitric acid 25 and having an inlet duct 7* connected to 
30 the dincharge opening 72 which is below the level of the 
discharge opening 52, and to the vent duct 65* A 
curved base duct 75 which is slightly lower in position 
than thai: of the base duct 58, is joined at one end to the 



BNSOOCiD: <£p_poooeeaAijL> 




0009868 

_ 5 - 

inlet duct 71 and at the other end thereof to an outlet 
duct 77 which has a discharge opening 78 at a level 
.slightly above that of the discharge opening 72. 

A sump duct assembly 40 identical to the sump duct 
5 assemblies 40 of Stage 1 and Stage 2 depends from a fluid 
permeable barrier 19 at the underside of the base duct 
75 but additionally has a feed duct 80 for cold nitric 
acid 25 at the upright portion 46, and the transfer duct 
47 thereof is arranged to discharge at the upper end of 
10 the outlet duct 57. 

In operation, nitric acid 25 is introduced into the 

. plant to the levels shown. Items in the form of a quantity 

of chopped pieces of nuclear fuel, pins, typically 25 mm long 

and 6.0 mm diameter and comprising irradiated mixed oxide 

- 15 nuclear fuel (U0 2 /Pu0 2 ) in stainless steel hulls are 

received in the inlet duct 12 of the entry Stage 4 from 

the dismantling installation. The side duct 17 is 

evacuated by means of the ejector l4 connected to the outlet 

21, and subsequently a pulse of compressed air at about 
2 2 

20 0.2 Newtons/mm ( 30 lbs/in ) is applied to inlet 22 to 
displace the acid 25 and the hulls therein upwardly in 
the duct 10, causing some of the acid 25 and the hulls 
to spill over through the discharge opening 31 into the 
inlet duct 35 of Stage 1. 

2 5 In Stage 1, a pulse of compressed air at the afore- 

mentioned pressure is applied from the bottle 27 to the 
port 49 to displace the acid 25 in the sump duct assembly 
40 and in the 'V 1 -shaped duct 33 together with xhe hulls 
therein, causing some of the acid 25 and the hulls to 

30 spill over through the discharge opening 52 into the 
inlet duct 56 of Stage 2. 

In Stage 2, a pulse of compressed air at the afore- 



BN80OCID: <£P_P0OW68A1JU> 



- 6 - 



0009868 



mentioned pressure is applied from the bottle 27 to the 

port ky to displace the acrd 25 and the hulls in Stage 

2 in a similar manner to that described in relation to 

Stage 1 but as the height o£ the overflow 61 is below 

that of the discharge opening 72 less acid 25 is carried 

over into the inlet duct 71 of Stage 3 3 bulls being 

pushed and remaining out of the a<-id 25 during a pulse cycle 

in the outlet duct 57, and product liquor flowing from 

overflow 6 1 . 

In Stage 3, a pulse of compressed air from the bottle 
27 at the aforementioned pressure is applied to the port 
49 to displace the acid 25, and the hulls in the T V f -shaped 
duct 70, in a similar manner to that described in relation 
to Stages 1 and 2, causing the hulls and some of the acid 
25 to be discharged through the discharge opening 78. As 
the discharge opening 78 is slightly above the level of 
the discharge opening 72, less acid 25 is discharged than 
dviring a pressure pulse in Stage 1 but more than during 
a corresponding pressure pulse in Stage 2. The empty 
hulls discharged from the outlet duct 77 may be washed or 
treated in one or more additional Stages (not shown) . 

The effect of the upward displacement of the acid 25 
in each Stage 1, 2, 3 is to fluidise the hulls in the 
respective outlet duct 36, 57 or 77, thus causing 
preferential upward displacement of these hulls at the 
expense of those in the respective inlet ducts 35, 56, 
or 71. Fines in the form of nuclear fuel material and 
fission products not dissolved in the 1 V 1 -shaped ducts 
33, 55 and 70, fall through the permeable barriers 19 
into the respective sump duct assemblies kO in which the 
agitation produced by the pulsing of the acid 25 assists 
in the dissolution of the fines. Eventually insoluble 
fines collect at the bottom of the sump duct assemblies 
40 and are removed periodically by use of the respective 
ejectors 50. The application of the pulse of compressed 
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air is repeated at each Stage 1, 2, 3 and entry Stage 4 
at between two to three minute interval s . 

To replace acid 25 discharged through the discharge 
opening 72 s and product liquor flowing from the overflow 6l,* 
5 fresh acid 25 is fed into the feed duct 80 of Stage 3 and 

the inlet 24 of the entry Stage 4 so that fresh acid can flow 
in the direction of movement of the hulls and in the opposite 
direction through the plant. Some acid 25 is circulated from 
the sump duct assemblies 40 through the transfer ducts 4? 
10 to the respective ' V ! -shaped ducts 33 or 55- 

The temperature of the acid 25 in each Stage 1, 2, 3i 
and entry Stage 4 is controlled by the respective jacket 
23, or 45 by adjusting the temperature of the fluid 
circulating through the respective jacket 23 ,45, so that 
15 the nitric acid in the entry Stage 4 and Stage 3 is close 
to ambient temperature and the nitric acid in Stages 1 and 
2 is just below its boiling temperature. Product gases 
are vented to the vent duct 28 for reflux condensation and 
chemical scrubbing. 

20 The fluid permeable barriers 19 may conveniently be 

provided by perforating the respective base duct 11, 37, 
58 or 75. 

Although the invention has been described in relation 
to a plant having three Stages, a single Stage may be used, 
or any convenient multiple Stage arrangement used to suit 
25 a particular application. Each Stage may have the liquid 
therein displaced upwardly . in a sequential manner by 
suitable sequential timing of the application of the 
compressed air pulses to the liquid to transport the items 
from one Stage to another. 

30 The plant is arranged to be dimensioned so that in 
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the event of complete failure there will not be a critical 
mass of nuclear fissionable material retained in the plant, 
and furthermore, the plant will be housed within a 
biological shield. The plant may be constructed where 
5 appropriate from stainless steel or from a suitable glass. 

It will be understood that, if desired, a sump duct 
assembly kO could be joined to a permeable barrier means 
19 at the side of the base duct 37 instead of to the 
undei-side of the base duct 37. 

10 Superheated steam .could be used to provide the pressure 

pulse to displace the acid 25, or a hydraulic ram or piston 
used to produce a similar effect. 

The apparatus of the invention is not restricted to 
the dissolution of nuclear fuel materials, and may also 
15 be designed to transport items with, or without the 

transporting liquid reacting or treating the items to be 
transported. 

The inlet duct and the outlet duct could be joined 
together in an alternative arrangement to that described ~ 

20 above, and need not be straight, for example they could 

be coiled helically upwards. The use of a curved join 
between the inlet duct and the outlet duct is preferred, 
however , to inhibit any tendency of the items to jam. 
The inlet duct and the outlet duct could be formed by a 

25 tank with a downwardly extending dividing wall or baffle 

that terminates above the bottom of the tank to form 
essentially an inlet passageway and an outlet passageway. 
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Claims 

1. Apparatus for transporting from a receiving station to 

a discharge station items capable of being transported in 

a liquid, characteris e d by an inlet duct (12, 35, 56,. 71) 

for receiving the items to be transported and downwardly 

extending from the receiving station, an outlet duct (13, 

36, 57, 77) connected to the inlet duct (12, 35, 56, 71) 

at a region (11, 37, 58, 75) below the level of the receiving 

station and upwardly extending to the discharge station, the inlet 

duct (12, 35, 56, 71) and the outlet duct (13, 36, 57, 77) 

being adapted to contain a transporting liquid (25), 

displacing means (26, 27) for displacing the transporting 

liquid (25) upwardly in at least the outlet duct (13, 36, 

57, 77), and a discharge opening (31, 52, 72, 78) at the 
discharge station, through which discharge opening (31, 
52, 72, 78) the items transported by the liquid (25) 
displaced in the outlet duct (13, 36, 57, 77) can pass. 

2. Apparatus as claimed in Claim 1, further characterised 
in that the receiving station is below the level of the 
discharge opening . 

3. Apparatus as claimed in any one of the preceding Claims 
further characterised by the- provision at the region (11, 37, 

58, 75) of permeable barrier means (19) for fine particulate 
material from the items to pass therethrough. 

4. Apparatus as claimed in Claim 3, further characterised by 
a downwardly extending sump duct (ko) from the barrier means 
(19), and a heat transfer means (^5) for controlling 

the temperature of the liquid (25) in the sump duct.(4o). 

5. Apparatus as claimed in Claim 4, further characterised 
b y overflow means (61) connected to the stamp duct (ko) and 
for limiting the level of the transporting liquid (25) 

in the outlet duct (13, 36, 57, 77). 
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6. Apparatus as claimed in Claim k t further c haracterised 
in . that the displacing means (26, 27) is arranged to 
displace the liquid (25) in the sump duct (kO) so as to 
displace the liquid in the outlet duct (36, 57, 77). 

7. A plant characterised hy at least two apparatus as 
claimed in any one of the preceding Claims connected 
together in series relationship for the transport of the 
items through the plant. 

8. A method of transporting from a receiving station to 
a discharge station items capable of being transported in 
a liquid, characterised by , containing the liquid (25) in 
a duct (10, 33, 55, 70) having two upwardly extending 
portions (12, 35, 56, 71; 13, 36, 57, 77) thereof, feeding 
the items from a receiving station into the liquid (25) 

in one of the duct portions (12, 35, 56, 7D, displacing 
the liquid (25) upwardly, and discharging the items from 
the other duct portion ( 13 , 36, 57, 77) through a discharge 
opening (31, 52, 72, 78) at the discharge station. 

9. A method as claimed in Claim ft. further characterised 
in that the discharge opening (78) is above the level of the 
receiving station, and the rate of feed of the items from 
the receiving station inhibits upward displacement of the 
items in the one duct portion (71 ) towards the receiving 
station. 

10. A method as claimed in Claim 8, further c haracterised 
in that two or more said ducts (IO, 33, 55, 70) are connected 
together in series relationship, and the liquid (25) in each 
duct (10, 33, 55, 70) is upwardly displaced to transport 

•£h "items through the ducts ( 10 , 33 , 55 , 70) . 

On behalf of th Applicants 



J. E. ALDERMAN 

European Patent Attorney 
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